This is a study of the chronoamperometry performance of the electrochemical oxidation of ammonia in an alkaline fuel cell for space applications. Under microgravity the performance of a fuel cell is diminished by the absence of buoyancy since nitrogen gas is produced. The following catalysts were studied: platinum nanocubes of ca. 10nm, platinum nanocubes on a Vulcan carbon support and platinum on carbon nanoonion support of ca. 10nm. These nanomaterials were studied in order to search for catalysts that may reduce or counter the loss of ammonia oxidation current densities performance under microgravity conditions. Chronoamperometries at potential values ranging from 0.2 V to 1.2V vs. cathode potential (Breathing Air/300ml/min/12psi) in 1.0M NH4OH (30ml/min in anode) were done during over 30 parabolas. The current densities at 15s in the chronomaperometry experiments showed diminishing current Pt mass densities under microgravity and in some cases to showed improvement of up to 92%, for Pt-carbon nanoonions, and over 70% for the three catalysts versus ground at potentials ranging from 0.2 to 0.4V after 5 minutes of chronoamperometry conditions. At higher potentials, 1.0V or higher, Pt nanocubes and Pt-carbon nanoonions showed enhancements of up to 32% and 24%, respectively. We attribute this behavior to the sizes of the catalyst materials and the time needed for the N2 bubble detachment from the Pt surface under microgravity.
Introduction
Fuel cells have been researched for various applications: proton electrode membrane fuel cells 3 , microbial fuel cells 4 , and alkaline fuel cells 5 and have been used successfully in space applications since the Apollo missions. 6 Hydrogen and methanol are commonly used in fuel cells.
Ammonia for fuel cells is cheap, produces water and nitrogen (clean fuel) and it is manufactured and stored on an industrial scale. 3, 7, 8 Ammonia fuel cells have been proposed in a two-step process where the ammonia first is cracked into hydrogen and then used in a fuel cell. 9 However, ammonia can be used as a fuel in a Direct Ammonia Alkaline Fuel Cells, without the cracking step. The most accepted mechanism for the oxidation of ammonia was presented by 
NHads +OH−→ Nads +H2O + e − (6) As it can be seen in the mechanism, the electrochemical oxidation of ammonia produces nitrogen gas. On the ground, nitrogen gas floats away because of the buoyancy of the gas leaving a clean platinum catalyst surface making of the platinum surface available to oxidize more ammonia. In the case for the electrochemical oxidation of ammonia under the influence of microgravity, the nitrogen gas produced near the surface of the catalyst stays in the vicinity due to the lack of buoyancy. This was demonstrated by cyclic voltammetry under microgravity conditions by E. Nicolau et al. 11 , showing a decrease in the ammonia oxidation peak current.
Experiments in microgravity have studied the formation of bubbles. Thompson et al. studied it the formation or nitrogen bubbles in a microgravity drop tower observing that in the absence of gravity surface tension is a driving force for the bubble detachment. 12 Kaneko et al. showed a decrease of current density with the formation of bubbles in microgravity. 13 Herman et al.
studied the effects of an electrical field on the formation of bubbles on microgravity, showing that at higher electrical fields better detachment of the bubbles is obtained. 14 Carrera et al. studied the detachment of bubbles from a plate orifice and a tube orifice, showing that the plate orifice, having more area, the bubbles anchors to the surrounding surface making the detachment more difficult. 15 Buyevich and Webbon did a theoretical study on bubble formation under microgravity finding that differences in the injector geometry could increase the bubble detachment volume due to conditions of incomplete wetting because of broadening of the bubble base. 16, 17 Balasubramaniam observed that the migration of a bubble under microgravity is due to a thermal gradient on the system. 18 The formation of H2 and N2 formation of bubbles in ground forces has been studied at Pt ultramicro-and nano-electrodes. 19, 20, 21, 22 They studied the formation of electrochemically generated H2 and N2 bubbles and subsequent detachment. The bubble detachment from the Pt electrode surface takes ca. 1-2s. Here we found that changes in ammonia oxidation currents changed after 5 minutes under most of the Pt catalyst materials studies under micrgravity.
Experimental

Catalysts
The catalysts were synthesized on the laboratory, the Platinum nanocubes were synthesized by the method presented by R. Martínez et al. 1, 23 (see Figure 1a) . Briefly, 11 g of Brij30 and 2.1 mL of Chloroplatinic Acid were added to 38.29 g of n-heptane in a container, the mixture was well mixed. This was followed by the addition of 0.079g of Sodium Borohydride to reduce the platinum molecular precursor. The reaction took place for 20 minutes. Acetone was added to induce the precipitation of the Pt nanocubes. After the particles were precipitated they were rinsed with acetone, methanol and nanopure water.
Platinum on carbon nano-onions were synthesized by the Rotating Disk Slurry Electrode (RoDSE) method presented by D.
Santiago et al. 2 (see Figure 1b) . hours, 2 mL of 5mM potassium hexachloroplatinate was added every two hours to the electrochemical RDE cell containing the carbon nanoonions slurry solution. The produced platinum-carbon nanoonions catalyst slurry solution was vacuum filtered and dried in an oven at 60°C for 12 hours.
Catalysts ink preparation
The following quantities were used for each catalyst ink preparation: 
Fuel Cell
The experiment consists of a fuel cell with a 5 cm 2 active area. The fuel cell anode was fed with an ammonium hydroxide solution (1.0M or 0.1M) on a closed loop connected to a peristaltic pump at 30ml/min. The cathode side was connected to a breathing air tank on the inlet and the outlet was connected to the exhaust system of the plane at 300mL/min at 12psi.
Experiment box
The experiment box was a modification of the box used by Nicolau et al. 11 The experiment box is a triple containment system made of Makrolon designed and constructed for closed loop, selfcontained experiments, it was modified to adapt a hose from an external air tank and for the experiment exhaust to connect to plane exhaust system. The box is bolted to the airplane floor.
Electronics rack
The fuel cell is connected to a Biologic SP-50 potentiostat and a computer in an 80/20 frames rack system near the experiment box. The reference and counter electrode connections are on the cathode side of the fuel cell, the working electrode is connected to the anode side of the fuel cell. of Pt Nanocubes and Cathode-5mg Pt Black. In order to determine if there was a shift in the potential of the cathode electrode that was used as a reference electrode, currents at 15min of from the chronoamperometery were taken for each potential. A plot of the current at 15min vs. the applied potential is shown in Figure 8 . 
Conclusions
This research has shown a difference between the performance of the current Pt mass densities produced by a direct ammonia fuel cell under microgravity and ground experimental conditions. For the case of a fuel cell with Platinum black as a catalyst on the anode there is a
reduction in produced current Pt mass densities of 7.5% between the hypergravity and microgravity experimental episodes. The decrease in current Pt mass densities was shown that is reversed when the gravity is applied to the fuel cell, there is a direct influence from microgravity on the electrochemical oxidation of ammonia.
For the platinum nanocubes the decrease in current production in microgravity was shown except for the applied voltages of 0.4V (5%), 0.8 V (21%) and 1.0V (32%) where the current produced in microgravity was higher than in the ground. Nanocubes are 10nm crystalline Pt (100) planes, which are preferential for the ammonia oxidation.
For the Platinum Nanocubes in Carbon Vulcan support the optimum operation voltages were 0.6V (3% current increase vs ground) and 0.8V (9% current increase vs ground) when the oxidation is occurring in the zone of diffusion controlled electrochemical oxidation reaction.
The platinum in carbon nanoonions support had optimum operation voltages of 0.4V (99% current increase vs. ground), 1.0V (24% current increase vs. ground) and 1.2V (22% current increase vs. ground) where the current produced under microgravity conditions was better than the current produced in ground.
Of all three catalysts, the platinum on carbon nanoonions showed the best performance increase microgravity versus ground at 0.4V (99%). The high surface area and spherical morphology of the carbon nanoonions may be taking part on improving the release of the stagnant nitrogen gas that interferes with the oxidation of the ammonia. The higher surface area of the carbon nanoonions (>942 m 2 /g vs. 262 m 2 /g for carbon Vulcan) provides more nucleation sites where the nitrogen gas can grow and be released. 24 The improved current in the Platinum carbon nanoonions catalyst can be related to a better release of the nitrogen bubbles that hinder ammonia oxidation. The curved surface of the 5 nm nanoonion particles works in an analogous way to the tube orifice in Carrera's 15 paper, in the sense that curvature offers less surrounding surface where the bubble can anchor.
The mechanism of bubble formation has been studied at Pt ultamicroelectrodes and nanoelectrodes showing the formation of electrochemically generated H2 and N2 bubbles and subsequent detachment. 19, 20, 21, 22 The bubble detachment from the Pt electrode surface takes ca.
1-2s. This has been seen for hydrogen and nitrogen bubble formation at Pt ultramicro-and nanoelectrodes. In our case, we find that the detachment of N2 from the platinum nanoparticles may be ocrrurign at ca. 5-10 second since at the tiem scale the current increases. This may be explained by the protective shielding the N2 bubble has on the Pt surface to avoid its passivation that occurs in ground. Under microgravity the lack of buoyancy in this nanomaterials has a positive effect on its catalytic performance at time longer that 5-10 seconds. This happens mainly at potentials higher than 0.8V vs. cathode. Below you may find a scheme of this proposed mechanism. 
